In order to avoid the inert substitution behavior of Pt(II) complexes, and on the basis of the remarkable analogy between the coordination chemistry of Pt (II) and Pd(II) complexes, a series of labile Pd(II) complexes have proved useful as models for the Pt(II) complex. In the present investigation, the Pd(DMPA)Cl 2 complex is synthesized and characterized. The interaction of [Pd(DMPA)(H 2 O) 2 ] 2+ with dicarboxylic acids is studied. The effect of solvent dielectric constant, chloride ion concentration of the medium and temperature on the complex formation equilibria of cyclobutanedicarboxylic acid is investigated. The thermodynamic parameters are evaluated. The displacemet reaction of coordinated CBDCA by inosine, taken as an example of DNA constituents, is investigated. This reaction measures the activity of the Pt/Pd(CBDCA)-based drug.
Experimental procedure

Materials
K 2 PdCl 4 , N,N-dimethylaminopropylamine, oxalic acid, malonic acid, cyclobutanedicarboxylic acid, succinic acid, adipic acid fumaric acid and inosine were obtained from Aldrich. For equilibrium studies, [Pd(DMPA)Cl 2 ] was converted into the diaqua complex as described before [20] . All solutions were prepared in deionized water.
Synthesis
Pd(DMPA)Cl 2 was prepared by dissolving K 2 PdCl 4 (2.82 mmol) in 10 mL water with stirring. The clear solution of [PdCl 4 ] 2-was filtered and N,N-dimethylpropylamine (2.82 mmol) dissolved in 10 mL H 2 O was added dropwise to the stirred solution. The pH was adjusted to 2-3 by the addition of HCl and/or NaOH. A yellowish-brown precipitate of Pd(DMPA)Cl 2 was formed and stirred for a further 30 minutes at 50°C. After filtering off the precipitate, it was thoroughly washed with H 2 O, ethanol and diethyl ether. A yellow powder was obtained. Anal. Calcd. for C 5 H 14 N 2 PdCl 2 ( F.W t = 279.48) : C, 21.49; H, 5.05; N, 10.02. Found: C, 21.6; H, 5. 2; N, 9.9. 
2.3.
Potentiomtric titrations were performed with a Metrohm 686 titroprocessor equipped with a 665 Dosimat. The titroprocessor and electrode were calibrated with standard buffer solutions, prepared according to NBS specifications [21] . All titrations were carried out at 25.0 ± 0.1ºC in a purified nitrogen atmosphere using a titration vessel described previously [22] . Elemental analysis was done using a CHNS Automatic Analyzer, Vario ElIII-Elementar.
The acid dissociation constants of the dicarboxylic acids were determined by titrating 0.05 mmole samples of each with standard NaOH solutions. The acid dissociation constants of the coordinated water molecules in [Pd(DMPA) may undergo hydrolysis. Its acid-base chemistry was characterized by fitting the potentiometric data to various acid-base models. The best-fit model was found to be consistent with three species: 10-1, 10-2 and 20-2. The first two, 10-1 and 10-2, are due to deprotonation of the two coordinated water molecules, as given in Eqs. 3 and 4. The third species, 20-2, is the dimeric di-µ-hydroxy complex of two 10-1 species according to Eq. 5.
The pK a1 and pK a2 values for [Pd(DMPA)(H 2 O) 2 ] 2+ are 7.84 and 9.34, respectively, The equilibrium constant of the dimerisation (5) can be calculated using the relationship: log K dimer = logβ 20-2 -2 logβ 10-1 = -11.87-2(-7.84) = 3.81
Complex-formation equilibria
The potentiometric data of the dicarboxylic acid complexes with Pd(DMPA) was fitted considering the formation of the 1:1 complex. The results, given in Table 1 , show that the formation constant of the complexes formed with cyclobutanedicarboxylic acid, oxalic acid and malonic acid, where five and sixmembered chelate rings are more stable than those of succinic acid and adipic acid, where seven-and eightmembered chelate ring are formed. The extra-stabiliy of the complexes involving five-and six-membered chelate ring is described on the basis that the chelate rings formed are more favoured energetically. It is to be noted that CBDCA complex has higher stability constant than that of malonic acid, both of them form six-membered chelate rings. This may be explained on the premise that pK a values of CBDCA are higher than those of malonic acid. Succinic acid and adipic acid form in addition to the 1:1 complex (110) the protonated form (111). The pK a of the protonated complex (pK a = log β 111 -log β 110 ) are 4.28 and 4.26 for succinic acid and adipic acid complexes respectively. These values are close to the second acid dissociation constant of the corresponding acid. Inosine forms the 1:1 and 1:2 complexes in addition to the protonated form of the 1:1 complex.
2+ -CBDCA complex was given in Fig. 1 . The main species in the physiological pH range is the ring-closed form, 110, which reaches a maximum concentration of 98.5% at pH ca. 5.9. and those of CBDCA increase linearly with increasing dioxane content. This is discussed in terms of the ability of a solvent of relatively low dielecric constant to increase the electrostatic attraction between the proton and the hydrolysed form of Pd(II) species and that between proton and ligand anion in case of CBDCA. The stability constant for Pd(DMPA)-CBDCA complex increases with increasing dioxane concentration. This is due to complex formation, involving oppositely charged ions as in the Pd(DMPA)-CBDCA complex. The results show that CBDCA complex with Pd(DMPA) 2+ will be more favoured in biological environments of low dielecric constant.
Effect of solvent
3.4.
The pK a values of the first and second coordinated water molecules in [Pd(DMPA)(H 2 O) 2 ] 2+ increase with increasing chloride ion concentration. The results are given in Table 3 . This may be explained on the premide that the chloride ion competes with OH -ion for reaction with [Pd(DMPA)(H 2 O) 2 ] 2+ complex. This means that the hydrolysis is suppressed by increasing the chloride ion concentration. The results of the effect of chloride ion concentration on the stability of Pd(DMPA)-CBDCA complex are given in Table 3 . The stability constant of the CBDCA complex tends to decrease with increasing [Cl - ]. This is discussed on the basis that the active species, the diaqua-complex, decreases with increasing [Cl -] and consequently the stability constant of the complex decreases. Table 5 and explained as follows: a) The formation constant for the hydrolyzed species of [Pd(DMPA)(OH)] + , expressed as β OH , can be calculated from: log β OH = pK w + log β The hydrolysis reactions are accompanied by endothermic liberation of ordered water of hydration from the reactants to form bulk water of greater disorder and are accompanied by a significant increase in entropy. However, the ∆H values in Table 5 can be considered as the net summation of two opposing effects, namely the exothermic hydrolysis reaction and the endothermic liberation of ordered water of hydration. The hydrolysis Reactions 1 and 2 in Table 15 are exothermic reactions. Reaction 1 comprises attraction between a divalent cation and OH -, while Reaction 2 comprises attraction between a monocation and OH -. As such, Reaction 1 is more exothermic than Reaction 2. Also, the first water molecule to be removed in Reaction 1 is more bound c) The complexation Reaction 6 is exothermic with a negative ∆H value. This is attributed to the charge neutralization between the positive Pd(DMPA) 2+ species and negative ligand.
Effect of temperature
Displacement reaction of coordinated cyclobutanedicaroxylic acid
The preference of Pd(II) to coordinate to N-donor ligands was previously documented [29, 30] . The antitumour activity of carboplatin is based on the displacement and/or the ring opening of coordinated cyclobutanedicarboxylate by DNA. Consequently, the equilibrium constant for such a displacement reaction is of biological significance. Consider inosine as a typical DNA constituent represented by HA and cyclobutanedicaboxylic acid represented by H 2 B. The equilibria involved in complex-formation and displacement reactions are: 2+ with CBDCA at different c o n c e ntratio ns of sol ve nt (diox a n e) and at 25° C and 0.1 M ionic strength. , where a, b and c correspond to Reactions 1, 2 and 3 in Table 5 , respectively. 
Dioxane (%)
The equilibrium constant for the displacement reaction given in Eq. 8 is given by
Substitution from Eqs. 6b and 7b in Eq. 9 results in: 
Conclusions
It is generally accepted that the antitumour activity of carboplatin and oxliplatin can be ascribed to the displacement of coordinated dicarboxylate by DNA. Therefore a study of the Pd(DMPA)-CBDCA complex stability and the displacement of CBDCA by inosine is of biological significance. Using aqueous solutions containing ~10-50% dioxane, one may expect to simulate to some degree the situation in active site cavities [28] , and extrapolate the data to physiological conditions. From the biological point of view, it is interesting to find that the CBDCA complex will be more favoued in biological environments of lower dielectric constant.
In human blood plasma the concentration of Cl -ion is 0.16M [33] . Under this high chloride ion concentration, the Pt(II)-amine complex exists in the dichloro-form. The net zero charge on the complex favours its passage through cell walls. Inside the cell, the Cl -ion concentration is much lower, only 4 mM and the reactivity of the Pt(II)-amine complex increases. Therefore, investigating the effect of [Cl - ] ion on the stability constants of the complexes will extrapolate the present study to biological condition.
